Introduction
============

Primary aldosteronism (PA) is the most common form of endocrine hypertension ([@B1],[@B2]). Two major subtypes of PA are aldosterone-producing adenoma (APA) and idiopathic hyperaldosteronism (IHA) ([@B2],[@B3]). The prevalence of PA is reportedly over 5%, and may be over 10% in patients with hypertension ([@B4]).

The prevalence of ultrasonographic thyroid abnormalities is reported to be high in patients with PA ([@B5],[@B6]). However, few cases of papillary thyroid carcinoma (PC) ([@B5],[@B6]) or thyroid carcinoma ([@B7]) have been found in patients with PA. Furthermore, to our knowledge, the prevalence of PA in patients with PC is unclear.

We recently reported the presence of PA in nine patients with various thyroid diseases (four patients with PC, four patients with chronic thyroiditis and/or multinodular goiter, and one patient with Graves\' disease) ([@B8]). The findings suggested a relationship between PC and PA.

We therefore examined the presence of PA in 81 consecutive patients with PC and characterized the patients with PC associated with PA. Four previously reported patients with PC associated with PA were also included in the present study \[Patients No 4, 7, 9, and 14 in the Tables ([@B8])\]. Of note, Patient No. 7 had normotensive PA ([@B9],[@B10]).

Materials and Methods
=====================

The plasma aldosterone concentration (PAC; pg/mL) and plasma renin activity (PRA; ng/mL/h) were measured by a radioimmunoassay using commercially available kits (SRL). The plasma cortisol concentration (μg/dL) was also measured by an enzyme-linked immunosorbent assay (ELISA) using an available kit (SRL).

Eighty-one consecutive patients with PC whose random PAC and PRA were first measured between 2013 January and August 2016 were included in the study. The diagnosis of PC was made pathologically. Of the 81 patients, 12 were men (14.8%), and the mean age was 58.1 years (range 35-79 years). Regarding the inclusion criteria, Group I had a sitting random BP ≥140/90 in the office (n=68), and 24 out of 68 patients had been treated with anti-hypertensive drugs. Group II had an incidental adrenal tumor or adrenal enlargement (n=9); 7 out of 9 adrenal lesions were detected by chest computed tomography (CT) to determine whether or not the patient had lung metastasis, and the other 2 were detected by abdominal CT conducted to assess chronic liver damage. Seven out of nine patients had been treated with anti-hypertensive drugs, and the BP of eight patients (minus one patient treated with anti-hypertensive drugs) was normal in the office. Group III had hypokalemia (3.3-3.5 mEq/L; hypokalemia \<3.6 mEq/L) (n=4), and the BP of 4 patients was normal in the office without anti-hypertensive drugs.

The treatments of PC were as follows: lobectomy with neck lymph-node dissection in 19 patients and total thyroidectomy with neck lymph-node dissection in 58 patients (in 5 out of 58 patients, lobectomy followed by remaining thyroidectomy was performed because of lymph-node metastasis). In four patients, total thyroidectomy was performed without neck lymph-node dissection because the presence of PC had not been identified before the operation (three patients with multinodular goiter and one patient with Marine-Lenhart syndrome). Thyroid ablation with I-131 was done in 27 patients with PC after total thyroidectomy. The mean duration between the day when PAC and PRA were first measured and thyroidectomy was done are 2,044 days (range: -237 days to 7,570 days) (before the operation in 16 patients and after the operation in 65 patients).

In the present study, we excluded 177 patients with PC (27 men) in whom the PAC and PRA values had not been measured during the investigation period ([Figure](#g001){ref-type="fig"}). One-hundred and forty-nine of 177 patients with PC showed a normal BP in the office with (n=15) or without (n=134) anti-hypertensive drugs. In addition, 28 patients with PC treated with anti-hypertensive drugs were also excluded from the study because their medical records were insufficient for the analysis (e.g., BP was not recorded during the investigation period), because their random sitting BP was ≥140/90 mmHg in the office but their PAC and PRA were not measured, because of a poor general condition, including an advanced age, the need for hemodialysis, or because the patient had a history of cerebral bleeding.

Written informed consent was not obtained for the study from the patients because we retrospectively reviewed the patients and the data were anonymous in nature. This study was approved by the institutional review board of our hospital (I7121302).

The diagnosis of PA (according to Japan Endocrine Society guidelines) ([@B11])
------------------------------------------------------------------------------

### 1) Screening for PA

Patients with a random sitting PAC (pg/mL)/PRA(ng/mL/h) ratio exceeding 200 were subjected to further study, regardless of the treatment with anti-hypertensive drugs.

### 2) The definitive diagnosis of PA ([Table 1](#t001){ref-type="table"})

PA was diagnosed when at least two of the following three tests were positive: 1) captopril-challenge test, 2) upright furosemide-loading test, and 3) saline-loading test (or oral salt-loading test). Angiotensin II receptor blockers (ARBs) were changed to calcium channel blockers (CCBs) (n=1) or stopped (n=4) in 5 out of 6 patients before the PA confirmatory tests in [Figure](#g001){ref-type="fig"} and [Tables 2](#t002){ref-type="table"} and [3](#t003){ref-type="table"}, as indicated by the guidelines ([@B11]).

###### 

PA Confirmatory Test.

  Test                              Procedure                                                                       Criteria for positve results
  --------------------------------- ------------------------------------------------------------------------------- ---------------------------------------------------------
  Captopril-challenge test          oral administraion of captopril (50 mg)                                         PAC/PRA (90 min)\>200
  Upright furosemide-loading test   intravenous injection of furosemide (40 mg) followed by upright posture (2 h)   PRA (2 h)\<2.0 ng/mL/h
  Saline-loading test               intravenous drip infusion of saline (2 L) over 4 h                              PAC (4 h)\>60 pg/mL
  Oral salt-loading test            24-h urine collection                                                           urinary aldosterone\>8 μg/day (urinary Na\>170 mEq/day)

PA: primary aldosteronism, PAC: plasma aldosterone concentration (pg/mL), PRA: plasma renin activity (ng/mL/h)

### 3) The subtype diagnosis of PA \[adrenal venous sampling (AVS)\] ([@B11])

AVS was performed in patients who wished to undergo surgical treatment when the site of aldosterone hypersecretion was unilateral. Blood was sampled after stimulation with bolus adrenocorticotropic hormone (ACTH) (0.25 mg Cortrosin^Ⓡ^ ). A unilateral lesion was considered to be present when 1) the adrenal vein aldosterone concentration (A) was ≥14,000 pg/mL on 1 side; 2) the lateralized ratio (LR)=\[adrenal vein (A)/cortisol (C) ratio on the high-value side\]/(adrenal vein A/C ratio on the low-value side) was ≥2.6; and 3) the contralateral ratio (CR)=(adrenal vein A/C ratio on the low-value side)/\[A/C ratio in the inferior vena cava (IVC)\] was \<1.0.

Hypertension
------------

BP was divided into 3 categories based on the JSH 2014 ([@B1]): 1) normotension (home BP \<135/85 mmHg and office BP \<140/90 mmHg), 2) white-coat hypertension (home BP \<135/85 mmHg and office BP ≥140/90 mmHg), or 3) (sustained) hypertension (home BP ≥135/85 mmHg and office BP ≥140/90 mmHg). In the present study, the patients who had been treated with anti-hypertensive drugs were categorized as having hypertension. A diagnosis of white-coat hypertension was made after the BP was measured at home for at least two weeks.

Results
=======

In screening, the random PAC/PRA was over 200 in 40 of 81 patients. Twelve of these 40 patients had been treated with anti-hypertensive drugs, as shown in [Figure](#g001){ref-type="fig"}. The PAC was over 120 pg/mL in 25 of the 40 patients. These 40 patients were further investigated. We excluded 25 patients for various reasons (shown in [Figure](#g001){ref-type="fig"}). Ultimately, 15 patients with PC were diagnosed as having PA ([Tables 2](#t002){ref-type="table"} and [3](#t003){ref-type="table"}). Thirteen and 2 patients (Patient No. 7 and 15) with PA were included in groups I and II, respectively, and no patients were included in group III. In addition, PA was not detected in four patients with incidental PC. AVS was performed in 9 of the 15 patients, as shown in [Table 4](#t004){ref-type="table"}. No patients were diagnosed with unilateral lesions.

![Flow chart of the study. PC: papillary thyroid carcinoma, PAC: plasma aldosterone concentration, PRA: plasma renin activity, ARB: angiotensin II receptor blocker, CCB: calcium channel blocker, CCT: captopril-challenge test, UFT: upright furosemide-loading test, SLT: saline-loading test, OST: oral salt-loading test, (+): positive result, (-): negative result](1349-7235-58-0497-g001){#g001}

###### 

Clinical Characteristics of 15 Patients with PC with PA.

  Patient No.   Gender   Age \#(years)   Age at thyroidectomy (years)   Random sitting BP (mmHg)   Random sitting PAC/PRA   K\#\# (mEq/L)
  ------------- -------- --------------- ------------------------------ -------------------------- ------------------------ ---------------
  1             F        41              42□                            154/80                     136/0.5                  3.7-4.5
  2a            F        42              35○                            145/95                     66.2/0.2(ARB)            3.3-4.0
  3             F        47              43○                            146/80                     181/0.3(ARB+CCB)         3.7-4.0
  4             M        49              48○A                           156/100                    98.7/0.3                 4.0-4.5
  5             F        51              47○A                           156/104                    237/0.5                  3.5-4.2
  6             F        53              37□                            160/90                     138/≤0.1                 3.8-5.1
  7             F        53              46○                            121/68                     202/0.3                  3.5-4.3
  8             F        54              54○A                           160/86                     273/1.2(CCB+α-blocker)   3.9-5.1
  9             F        55              48□                            152/80                     127/0.6(ARB)             3.8-4.4
  10            F        55              51○A                           159/100                    148/≤0.1                 3.5-4.3
  11            F        56              51○                            140/90                     121/0.3                  3.5-4.0
  12            F        57              51□                            134/90                     262/0.2                  3.7-4.8
  13b           F        60              53○                            155/95                     177/0.7                  3.8-5.1
  14            F        63              48○                            154/84                     74.3/0.2                 3.7-4.2
  15            F        75              65□                            123/72                     236/0.2(CCB)             3.9-4.2

PC: papillary thyroid carcinoma, PA: primary aldosteronism, PAC: plasma aldosterone concentration (pg/mL), PRA: plasma renin activity (ng/mL/h), ARB: angiotensin II receptor blocker, CCB: calcium channel blocker

a: CKD (chronic kidney disease), eGFR (estimated glomerular filtration rate) 71.8 mL/min/1.73m^2^

b: CKD, eGFR 73.4 mL/min/1.73m^2^

\#: when PAC/PRA were first measured.

\#\#: during the follow-up period in our hospital

□: lobectomy

○: total thyroidectomy

A: I-131 ablation

###### 

Rusults of PA Confirmatory Test.

  Patient No.   Captopril-challenge test   Upright furosemide- loading test   Saline-loading test   Oral salt-loading test                         
  ------------- -------------------------- ---------------------------------- --------------------- ------------------------ ---------- ---------- --------
  1             78.8/0.3                   81.1/0.3                           79.1/0.3              308/1.3(1 h)\#                                 
  2             96.1/0.2                   67.5/0.2                           121/0.2               388/0.5                                        
  3a            149/≤0.1                   114/0/2                            182/≤0.1              276/0.2                                        
  4             80.5/0.2                   65.5/0.4                           76.9/0.2              154/0.4                  102/0.2    60.2/0.2   
  5             206/0.5                    108/0.6                            176/0.4               586/0.8                  252/0.4    104/0.3    
  6             88.9/0.2                   80.9/0.2                           101/0.2               364/0.4                                        
  7             123/0.2                    84.8/0.2                           126/0.3               636/2.3                  142/≤0.1   104/≤0.1   
  8b            78.7/≤0.1                  69.3/≤0.1                          105/0.4               392/1.5                                        
  9             80.8/≤0.1                  70.9/0.2                           81.4/0.2              334/1.0                                        
  10            84.3/0.2                   63.7/0.2                           109/0.2               357/0.4                                        
  11            59.3/≤0.1                  50.2/0.2                           87.7/0.2              215/0.9                                        
  12            107/0.2                    91.5/0.2                           96.7/≤0.1             216/0.3                                        
  13            105/0.4                    67.0/0.4                           134/0.5               457/1.5                                        14/179
  14            77.6/≤0.1                  67.4/≤0.1                          63.4≤0.1              143/0.2                                        
  15a           208/≤0.1                   257/≤0.1                                                                                                22/247

PA: primary aldosteronism, PAC: plasma aldosterone concentration (pg/mL), PRA: plasma renin activity (ng/mL/h)

\#: The test was discontinued 1h later because she could not keep standing.

a : CCB (calcium channel blocker), b : CCB+α-blocker

###### 

Type of Hypertension and Results of AVS.

  Patient No.   Presence of adrenal tumor   Type of hypertension   ACTH-AVS (PAC, pg/mL/cortisol, μg/dL)   LR               CR         Type          
  ------------- --------------------------- ---------------------- --------------------------------------- ---------------- ---------- ------ ------ -----
  1             no                          WCH                    15,000/653                              10,300/643       250/31.1   1.43   1.99   IHA
  2             no                          sustained                                                                                                
  3             not denied                  sustained                                                                                                
  4             no                          sustained              18,500/2,100                            11,400/1,680     110/19.9   1.3    1.23   IHA
  5             no                          sustained              45,300/1,070                            43,000/804       445/28.2   1.26   2.68   IHA
  6             no                          sustained                                                                                                
  7             yes                         NT                     17,300/1,520                            30,900/1,100     716/30.7   2.47   0.49   IHA
  8             no                          sustained                                                                                                
  9             no                          sustained              21,900/1,410                            13,300/1,000     146/24.0   1.17   2.19   IHA
  10            no                          WCH                    13,300/538                              9,200/583\#      259/28.4   1.57   1.73   IHA
  11            no                          WCH                    17,700/814                              9,500/497        189/25.0   1.14   2.53   IHA
  12            yes                         WCH                    14,000/1,420                            10,800/520       141/22.9   2.11   1.6    IHA
  13            no                          WCH                                                                                                      
  14            no                          sustained              9,250/992                               10,400/899\#\#   118/21.6   1.24   1.71   IHA
  15            yes                         sustained                                                                                                

AVS: adrenal venous sampling, PAC: plasma aldosterone concentration, LR: lateralized ratio, CR: contralateral ratio, WCH: white-coat hypertension, NT: normotension, IHA: idiopathic hyperaldosteronism

\# 20,400/651 (superior tributary)

\#\# 18,100/1,020 (lateral tributary)

Clinical characteristics of patients with PC with PA (n=15)
-----------------------------------------------------------

Continuous hypokalemia (K \<3.6 mEq/L) was not observed in any patients, as shown in [Table 2](#t002){ref-type="table"}. The mean duration between the day when PAC and PRA were first measured and thyroidectomy was 2,266 days in patients with PC associated with PA (range: -237 days to 6,177 days). White-coat hypertension was observed in five patients, normotension in one patient, and hypertension in the remaining nine patients. The nine patients subjected to AVS all had IHA. Treatment with eplerenone was started in all patients.

In the present study, 2 of 15 patients with PA had been treated with anti-hypertensive drugs before thyroidectomy. The other 13 patients did not receive anti-hypertensive drugs before thyroidectomy. The office BP had been ≥140/90 mmHg on at least 1 occasion in six of the 13 patients before thyroidectomy. Treatment with anti-hypertensive drug was started later in one of the six patients. The BP was only measured one or two times before thyroidectomy in the remaining seven patients because it was normal at the first visit. Two of the seven patients were later treated with anti-hypertensive drugs.

Discussion
==========

The present findings indicated that patients with PA associated with PC have the following characteristics: \[1\] white-coat hypertension (observed in 33% of the patients); \[2\] a not-very-high PAC (\<200; noted in 3 out of 15 patients in random sampling and detected in many patients 30 minutes. after resting in the supine position in the morning while fasting), although the Japan Endocrine Society has recently recommended that random PAC \>120 pg/mL be added to the screening criteria ([@B12]), as already indicated by The Japanese Society of Hypertension ([@B1]); and \[3\] no APA (not found in any patients studied). The PAC/PRA was first measured in many patients with PC several years after thyroidectomy, as the strong association of PC and PA had not been previously suggested and BP was not constantly high in many patients. We now actively measure the PAC/PRA in patients with various thyroid diseases, including PC, whose random BP is ≥140/90 mmHg when measured during a visit to our clinic.

Whether or not eplerenone should be given to patients whose BP is normal or who have white-coat hypertension is unclear at present. However, we administered eplerenone to these patients because high aldosterone levels are reported to damage DNA via oxidative stress ([@B13],[@B14]) and to induce the development and growth of renal cell carcinoma ([@B7],[@B15]). Furthermore, eplerenone was reported to inhibit hepatocellular carcinoma (HCC) growth and angiogenesis via the suppression of vascular endothelial growth factor (VEGF) in mice ([@B16]). In addition, PAC in PA patients with malignancy is reportedly higher than in patients without malignancy ([@B7]). It is also suggested that high aldosterone levels influence the thyroid immune system ([@B17]) and thyroid function ([@B17],[@B18]). If the course of PC is indeed affected by high aldosterone levels, the administration of eplerenone may help prevent the recurrence of PC. Greenman et al. ([@B19]) reported the expression of aldosterone synthase in a papillary thyroid carcinoma specimen. Further studies are needed to clarify the effect of the blockade of aldosterone action on the PC course.

We selected patients with PC based on the following: random sitting blood pressure of ≥140/90 mmHg with or without anti-hypertensive drugs, incidental adrenal tumor or adrenal enlargement, or hypokalemia. We then focused on those patients whose PAC/PRA was \>200. Ultimately, 15 patients with PC were considered to have PA. Tanabe et al. reported that the PAC and PAC/PRA values were sometimes normal in patients with PA ([@B20]). However, we did not measure the PAC/PRA multiple times in the same patient. Furthermore, patients with a normal pressure with or without anti-hypertensive drugs were not included in the study despite the presence of PA having been reported in some pre-hypertensive subjects (BP, 120-139/80-89 mmHg) ([@B21]) and in normal-pressure subjects ([@B9],[@B10]). In addition, for the patient selection, we did not measure the PAC and PRA after stopping anti-hypertensive drugs, although some drugs, such as ARBs and diuretics, can cause false-negative results ([@B1]). These are some of the limitations associated with the present study.

Armanini et al. ([@B5]) analyzed 80 patients with PA (40 with APA and 40 with IHA) and 80 normotensive healthy controls. They found that three patients with IHA had PC, but no PC was detected in patients with APA or in controls. Turchi et al. ([@B6]) also analyzed 92 patients with PA (33 with APA and 59 with IHA) and 96 patients with EH as controls. They found that 3 patients (3% in their paper) with PA had PC. However, the incidence of PA in controls was not described. In 2016, Lang et al. ([@B7]) examined the prevalence of malignancy in 335 patients with PA (about 50% with APA according to their figures) and 335 age- and sex-matched hypertensive controls. They found that three patients with APA had thyroid carcinoma, compared with one control patient. These previous findings suggest that the incidence of PC (or thyroid carcinoma) in PA is about 1-4%. However, the relationship between PC and the PA subtype (APA or IHA) remains unclear.

While several assumptions have been made, the concurrent presence of these two diseases might merely be a chance occurrence.

The circadian clock plays an important role in the regulation of the physiological functions. An altered circadian clock has been reported in pathological conditions, such as sleep disorder ([@B22]), hypertension ([@B23],[@B24]), metabolic syndrome ([@B24]-[@B26]), and cancer ([@B27],[@B28]). It was reported that mice lacking Cryptochrome (Cry) 1 and Cry 2, which are core clock genes, showed salt-sensitive hypertension (high PAC and low PRA) with bilateral hyperplasia of the zona glomerulosa cells, a condition similar to that of IHA in humans ([@B23],[@B29],[@B30]). In addition, the expression of Cry 2 is reportedly reduced, while that of brain and muscle Arnt-like protein-1 (BMAL1) is increased in human PC tissue ([@B28]). Thus, disruption in the clock gene expression may cause both IHA and PC in predisposed subjects. Sabbadin et al. ([@B31]) reported that the prevalence of anti-thyroid antibodies in PA patients was significantly higher than that in normotensive controls. They proposed the hypothesis that the course of autoimmune thyroiditis may be worsened by aldosterone, via the local invasion of T cells ([@B32]-[@B34]). Furthermore, ultrasonography showed that autoimmune thyroiditis was more frequent in patients with IHA (20.8%) than in patients with APA (9.3%). A significant association between thyroid carcinoma and thyroid autoimmunity (autoimmune thyroiditis) has been pointed out ([@B35]-[@B37]). Thus, immunological factors may play a role in the development of PC in predisposed subjects. As reported in patients with PA who showed ultrasonographic thyroid abnormalities ([@B5],[@B6],[@B17]), an imbalance between growth factors or cytokines ([@B38]-[@B40]) may contribute to the development of PC. The thyroid volume and thyroid nodule formation were reportedly increased in subjects with insulin resistance and/or metabolic syndrome ([@B41],[@B42]). The associations between the serum aldosterone concentration and insulin resistance ([@B43]) and metabolic syndrome ([@B43],[@B44]) have been shown in the general population. Insulin resistance was also reported in patients with PA ([@B45],[@B46]). Turchi et al ([@B6]) demonstrated that insulin resistance in PA patients whose thyroid had an abnormal ultrasonographic appearance was higher than in PA patients whose thyroid had a normal ultrasonographic appearance. In addition, the prevalence of metabolic syndrome was reportedly high in patients with PA ([@B47]). Rezzónico et al. ([@B48]) indicated that insulin resistance may play a role in the development of differentiated thyroid carcinoma (DTC) because the incidence of insulin resistance was high in patients with DTC. In fact, the overexpression of insulin receptors and insulin-like growth factor (IGF)-I receptors was reported in PC tissue ([@B49]).

A high aldosterone concentration alone is believed to be incapable of leading to the development of PC, as \[1\] the presence of PC was not found in patients with Bartter\'s syndrome, Gitelman\'s syndrome, or renovascular hypertension, who had a high aldosterone concentration; and \[2\] the prevalence of PC was not reported to be high in patients with PA ([@B5]-[@B7]). Thus, a patient\'s predisposition is thought to play an important role in the development of PC.

Whether or not PA antedates the occurrence of PC is important, but it is difficult to determine when these two diseases occur because they are usually recognized by chance without signs or symptoms. In the present study, the BP was not measured frequently in most of the patients because the randomly measured BP values were not very high. In addition, the BP was not recorded in some patients who had lived with PC for a long time. We were therefore unable to determine the exact time at which PA developed.

The prevalence of PA in PC has not been studied, although there are a few case reports in which PA was found to be associated with PC ([@B50],[@B51]). In the present study, the prevalence of PA in PC was at least 18.5% (15/81), since not all confirmatory tests were performed in the 25 patients with PA whose random PAC/PRA was over 200. In addition, only 1 assay result (PAC/PRA \>200) was used for the first screening. We cannot completely rule out that patients with PC with PA may have been among patients with a PAC/PRA ≤200 in the first screening, especially among patients treated with ARBs and diuretics. Based on these points, the prevalence of PA in PC may be much higher than was suggested in the present study.

In conclusion, the present study indicates that \[1\] there may be some relationship between high aldosterone levels and the occurrence of PC; \[2\] an active examination is needed to determine the presence of PA in patients with PC, since signs and symptoms of PA are mild; \[3\] one cause of white-coat hypertension is PA (in patients with PC); and \[4\] further investigations are needed to examine the presence of PA in patients with PC whose blood pressure is normal with anti-hypertensive drugs.

Patient No. 15 was later diagnosed with IHA based on the findings of AVS performed at another hospital.
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